On-site Coulomb repulsion: Dudarev approach
Underestimation of LO and TO modes due to low repulsion in 3d shell Unphysical mode softening of phonon branches (especially LO modes) U eff < 2 eV ⇒ negative frequencies of acoustic modes (artificial soft modes) due to instability of CoO structure (underestimated HellmannFeynman forces) On-site Coulomb repulsion: Dudarev approach
Crystal geometry optimization
• U = 7.1 eV, J = 1 eV
Ionic cores described by PAW pseudopotentials
Valence electron configurations:
• Co (3d 8 4s 1 )
• O (2s 2 2p 4 )
Supercell: 64 atoms Sampling:
• 2x2x2 k-point mesh (Monkhorst-Pack scheme)
Electronic DOS:
• 6x6x6 k-point mesh (linear tetrahedron method with Blöchl corrections) Supercell geometry optimization:
• combination of conjugate gradient energy minimization and quasi-Newton force minimization
Phonon dispersion relations and phonon DOS:
Direct method (forces calculated via HellmannFeynman theorem) within harmonic approximation • ε ∞ = 5.3
• ε 0 = 12.9
Heat capacity
Contributions to heat capacity of CoO: lattice, magnetic, electronic (Schottky) terms.
Lattice contribution follows the Debye model and approaches the Dulong-Petit law at high temperatures.
Background contribution from disorder of magnetic moments and λ-type behavior in the vicinity of T N are observed experimentally.
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